We describe a protease, named 
Thioredoxin, a small protein with a catalytically active disulfide group, regulates a spectrum of cellular processes, ranging from photosynthesis to the proliferation of virus-infected cells to DNA replication (1) (2) (3) . Recent studies in our laboratory indicate that thioredoxin, reduced with NADPH via the enzyme, NADP-thioredoxin reductase (NTR), functions in germinating wheat by reducing specific disulfide groups of gliadins and glutenins, storage proteins of the endosperm, thereby increasing their susceptibility to proteolysis and availability as a nitrogen source (4) . This process can be described by the following three chemical equations. 
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There is evidence that thioredoxin acts in the reduction of disulfide groups of proteins that specifically inhibit amylolytic enzymes, a-amylase and pullulanase (limit dextrinase), thus leading to the deinhibition of these target enzymes and the mobilization of carbon in the endosperm (7, 8) (5) . Thioredoxin h was isolated from wheat germ by using the procedure of Florencio et al. (9) as modified (5 ITo whom reprint requests should be addressed. [5] Preparation of the Protein Substrates. Cation-exchange chromatography. The concentrated protein solution was filtered through a 0.22-Am pore size Millex-GV filter (Millipore) and chromatographed at room temperature on a 5 mm x 5 cm Pharmacia Mono-S cation-exchange column, equilibrated with 50 mM sodium formate buffer, pH 3.0. The column was eluted with a linear gradient of NaCl (0-1 M NaCl in 50 mM sodium formate buffer, pH 3.0) for 60 min (flow rate of 0.5 ml/min); 1-ml fractions were collected. Fractions containing protease activity were pooled and concentrated by using an Amicon Centricon-3 microconcentrator.
Reverse-phase chromatography. High-resolution purification was achieved by reverse-phase FPLC using a ProRPC HR 5/10 column (5 ,tm; Ci/C8; 100 x 5 mm; Pharmacia). Trifluoroacetic acid (TFA) was added to 0.1% to the concentrated enzyme fraction, which was applied to a column preequilibrated with 0.1% TFA as above and eluted with a linear gradient of 0-60% (vol/vol) acetonitrile in 0.1% TFA (flow rate of 0.5 ml/min). Fractions of 1 ml were collected, pooled according to protein peak, and freeze dried. The dry protein fractions were dissolved in 50 mM sodium acetate buffer, pH 4.5. Individual peaks showing protease activity with reduced gliadins and/or glutenins were analyzed by SDS/PAGE and isoelectric focusing (IEF).
Analytical Methods. Samples from the different purification steps were analyzed by SDS/PAGE using a 10-20% acrylamide gradient resolving slab gel (12) . Proteins were identified by silver staining by using the Bio-Rad kit. The following protein standards were used for molecular mass determination: rabbit skeletal muscle myosin (Mr 213,000), E. coli 3-galactosidase (Mr 123,000), bovine serum albumin (Mr 85,000), hen egg white ovalbumin (Mr 50,300), bovine carbonic anhydrase (Mr 33,300), soybean trypsin inhibitor (Mr 28,500), hen egg white lysozyme (Mr 18,900), and bovine pancreas aprotinin (Mr 7,800).
Protein concentration of the fractions analyzed was determined by the Bio-Rad microassay using bovine y-globulins as a standard (13 (Fig. 1A) , respectively. To confirm that the electrophoretic band corresponded to the new protease, the fraction was subjected to isoelectric focusing using a horizontal agarose gel in a pH [3] [4] [5] [6] [7] [8] [9] [10] gradient. This procedure resolved three protein components with isoelectric points of 5.55, 5.65, and 6.00 (Fig. 2) , each of which showed similar activity in specifically hydrolyzing the reduced forms of glutenins and gliadins. Moreover, the mobility of each component in SDS/polyacrylamide gel was similar to that of the parent fraction (cf. Fig. 1A ).
Further The endosperm components from 2-day germinated wheat seeds were collected, and protease activity was followed during purification using as substrates 20 Fig. 1 (treatment 6, far right, Fig.  1B) . Reduction of the enzyme was not observed with the reduced form of glutathione, a cellular monothiol (treatment 2: glutathione, GR, and NADPH; Fig. 1B ). The thiocalsin disulfide groups appeared, therefore, to be specific for thioredoxin or its nonphysiological substitute, DTT. Requirements for Proteolysis. As indicated in the initial exploratory experiments, reduced thioredoxin activated thiocalsin. As shown in Table 2 , thioredoxin (reduced enzymatically with NADPH and NTR) effected a 2-fold increase in activity of the pure enzyme with the reduced forms of either glutenins or gliadins as substrate (treatment 1 vs. 5). Following activation by thioredoxin, the enzyme was activated an additional 2-to 3-fold by a divalent metal, of which calcium was most effective. That activation was due to calcium was confirmed by the finding that an equimolar concentration of chloride (added as NaCI) did not alter activity. Typical of other calcium-linked enzymes (17) , the divalent metal requirement could be met by 1.5-fold higher concentration of Ba2+ and Sr2+ (data not shown). Calcium had no significant effect on the activity of the oxidized enzyme-i.e., in the absence of reduced thioredoxin (treatment 1 vs. 2). Reduced glutathione was also without effect in either the absence (treatment 3) or presence of Ca2+ (treatment 4), in accord with its above noted inability to reduce the enzyme. Thiocalsin.appeared to act independently of calmodulin. Activity was not affected by the addition of bovine brain calmodulin or known calmodulin inhibitors added at 100 ,uM [trifluoroperazine dihydrochloride (TFP) and N-(6-aminohexyl)-5-chloronaphtalene sulfonamide (W7)].
While equally active as substrates, gliadins and glutenins required different calcium concentrations for hydrolysis. Thus, when gliadins were used as substrate, 5 ,uM Ca2+ supported maximal activity, whereas with glutenins, 20 AM Ca2+ was required (Fig. 3) . In addition, higher than optimal calcium (19) , including thioredoxin (20) , are able to restore activity following oxidative inactivation. A similar lack of thiol specificity differentiates thiocalsin from the kallikrein serine proteases (21) . The joint requirement for thioredoxin and calcium thus seems to distinguish thiocalsin from proteases described so far.
The discovery of thiocalsin attests to the importance of using physiological substrates in studying protease activity. There are examples of proteases that degrade native storage proteins (22) (23) (24) , but these enzymes are also active with heterologous protein substrates or modified oligopeptides. To our knowledge, none of the enzymes isolated so far is specific for indigenous proteins. In view of the current data, the use of heterologous substrates appears to be of limited value in relating regulatory events to proteolysis, events that may be critical to germination and seedling development. Its substrate specificity is consistent with the view that thiocalsin functions 
